Flock house virus coat protein expressed in a baculovirus system spontaneously assembles into viruslike particles, which undergo an autocatalytic postassembly cleavage equivalent to that of the native virus. 
Icosahedral viral capsids formed from a single gene product are among the simplest biological assemblies, yet the details of their morphogenesis are poorly understood. Frequently, the maturation of a virus includes a postassembly cleavage of the capsid protein that confers stability and infectivity on the virus particle. We have chosen members of the insect nodaviruses to investigate the biochemical and biophysical aspects of viral morphogenesis and the postassembly processing of the capsid protein. Members of the Nodaviridae family are the simplest animal viruses that support this paradigm (5, 6) .
The nodavirus capsid architecture consists of 180 identical capsid proteins assembled into a T=3 lattice (1) . Each icosahedral asymmetric unit contains three chemically iden- tical but structurally unique polypeptide chains. Subunits designated A form pentameric units, and subunits designated B and C form hexamers about the icosahedral threefold axes. After particle assembly, the coat proteins are cleaved, yielding a particle resistant to disassembly by 1% sodium dodecyl sulfate (SDS) (5) . The cleavage occurs at the conserved site Asn-363/Ala-364 to produce peptides beta and gamma (a --13 + -y), which contain 363 and 44 amino acids, respectively (8) . This maturation cleavage is first order and autocatalytic (5) and is necessary for virus infectivity (15) . The 3.0-A (0.3-nm) resolution structure of flock house nodavirus (FHV) has recently been solved ( Fig. 1) (3) . The cleavage site is visible in the A and C subunits and occurs in the virus interior; thus, the gamma peptide is inside the capsid. The first 17 residues of the gamma peptide in the C subunit form an a helix (the last 27 residues lack icosahedral symmetry and are not visible). This helix and the icosahedral twofold related gamma helix form a clamp that binds duplex RNA (Fig. 1, bottom infectivity, an assembly-competent foreign expression system is needed to produce mutants.
A recombinant baculovirus was created by inserting a cDNA clone of the FHV capsid protein in place of the polyhedron gene. The FHV wild-type capsid protein expressed in this system spontaneously assembles into viruslike particles that package the mRNA of the capsid protein and mature in a fashion similar to that of authentic virus (14) . A construct in which the cleavage site was mutated (N363T) resulted in expressed protein that assembled into viruslike particles but was incapable of cleaving into the mature virion (14) .
In this paper, we report the crystallization of these provirion-like particles, which were produced from the spontaneous assembly of mutant FHV capsid protein expressed in a baculovirus system. The crystals diffract X rays beyond 3.3-A (0.33-nm) resolution. This demonstrates the fidelity of the baculovirus expression system in studying the assembly process of macromolecules at atomic resolution.
Viruslike particle production and purification are described by Schneemann et al. (14) . However, we included an additional purification step by precipitating the virus in 8.0% (wt/vol) polyethylene glycol 8000-0.2 M NaCl for 6 h at 4°C. The concentration of the viruslike particles was estimated by assuming the same extinction coefficient as that of the native virus; A260 (1 mg/ml; 1-cm path) = 4.15.
We often obtained a yield of 1 to 2 mg of viruslike particles per 80 x 106 cells. The A260/A280 ratio was similar to that of native virus, suggesting that the viruslike particles package similar quantities of RNA. Electrophoretic analysis of protein of mutant viruslike particles on SDS-polyacrylamide gels indicated that the sample was pure and that no cleavage occurred (not shown).
Provirion-like particles were crystallized by hanging-drop vapor diffusion (12) . The reservoir consisted of 5.0% (wt/vol) polyethylene glycol 8000 in 10 mM sodium phosphate-20 mM CaCl2, pH 6.8. The drop was produced by mixing equal volumes (4 to 5 [lI) of reservoir buffer with provirion-like particle solution at 12 mg/ml in 10 mM Bis-Tris, pH 6.0, on a plastic coverslip. The coverslip was inverted over 1 ml of reservoir solution, sealed, and allowed to equilibrate at room temperature. This differs from the conditions that generated crystals of the authentic mature virus, which were grown by sitting a drop against a reservoir of 2.8% (wt/vol) polyethylene glycol 8000 buffered at pH 6.0 by Bis-Tris (4) .
Rhombohedrally shaped crystals grew in 4 weeks (Fig. 2) . This morphology was similar to that of native FHV, which crystallized in the trigonal space group R3 (4). The provirionlike particle crystals diffracted X rays from a synchrotron radiation source beyond 3.3-A (0.33-nm) resolution (Fig. 3) . Autoindexing of the diffraction pattern (10) (13) . An analysis of reflection systematic absences showed that the lattice is primitive. Examination of particle packing suggested that the space group is P21 with the 300-A (30-nm) particles at (1/4, y, 1/4); however, OkO reflections were not present on the diffraction patterns analyzed. These provirion-like particle crystals are not the same space group as native FHV, which was propagated in cultured Drosophila melanogaster cells. This difference may result from surface changes caused by the uncleaved capsid protein that would alter the crystal packing. The provirions, however, bind to the cellular receptor with the same affinity as mature virus (15) ; thus, the difference in space groups may be a consequence of the particles being produced in two different cell lines with different purification procedures. Because these crystals are not the same space group as native FHV, a complete data set must be collected. The structure will be solved by molecular replacement with the native FHV structure as a phasing model. The phases will be refined by real-space averaging of electron density over the 60-fold noncrystallographic symmetry in the P21 space group.
